ABSTRACT: Scyphozoan jellyfish are seasonally conspicuous in coastal waters, but relatively little is known about the factors that control their distribution and population dynamics. Cyanea sp. is a seasonally abundant medusa in the Niantic River, Connecticut, U.S. and appears to maintain a population entirely within the estuary. To better understand the factors controlling their occurrence, we examined the temporal and spatial distribution of settled scyphistomae in relation to that of the medusae. Planula settlement patterns mirrored the presence of mature female medusae. The planulae settled primarily near the bottom. After settlement, planulacysts and polyps on the settlement plates were out competed by large barnacle and ascidian larvae, resulting in a sharp decline in cyst and polyp abundance. This stage-specific mortality may represent a population bottleneck in the life cycle of scyphozoans.
Introduction
Scyphozoan jellyfish can be a dominant pelagic carnivore in coastal marine systems (Huntley and Hobson 1978; Möller 1979; Feigenbaum and Kelly 1984; Purcell 1992; Cowen and Houde 1993; Behrends and Schneider 1995) and may be able to restructure the food webs they periodically dominate (Verity and Smetacek 1996) . Efficient prey capturing abilities and high abundances contribute to their trophic success. While prey selection (Fancett 1988; Båmstedt et al. 1994; Sullivan et al. 1994; Purcell 1997; Purcell and Sturdevant 2001) and feeding mechanisms (Costello and Colin 1994, 1995; Ford et al. 1997 ) of scyphomedusae have been well studied, the factors influencing their seasonal abundance are not understood well. As the scyphozoan life cycle involves both a conspicuous pelagic stage and a less conspicuous benthic stage, an understanding of the seasonal abundance of medusae requires an understanding of the benthic stage as well.
Jellyfish recruitment is determined by the success of each part of their life cycle. This includes the ability of the planulae to settle and metamorphose, the scyphistomae to survive and strobilate, and the ephyrae to survive and grow into adults. Scyphozoan life history is further complicated because the polyps or planulae may form cysts when conditions are unfavorable and then later excyst to form polyps (Cargo and Schultz 1966, 1967; Cargo and Rabenold 1980; Brewer and Feingold 1991 The attached benthic polyp stage determines the seed stocks of larval medusae produced by asexual reproduction. The distribution, abundance, and survival of the scyphistomae is key to understanding the distribution and abundance of the medusae.
A few studies have focused on factors that influence settlement of planulae (Brewer 1978 (Brewer , 1984 Keen 1987; Gröndahl 1988a Gröndahl ,b, 1989 Dolmer and Svane 1993; Svane and Dolmer 1995) and stimulate strobilation (Cargo and Shultz 1966; Loeb 1972; Gröndahl and Hernroth 1987; Brewer and Feingold 1991; Purcell et al. 1999) . However, there has been little effort to examine the influence of the medusae on the abundance and distribution of the scyphistomae. If we expect to be able to determine where blooms of jellyfish will occur and how large they will be, we need to identify indicators that will provide predictive information about the distribution of the scyphistomae that seed the stock of medusae.
The only other studies that have related the pelagic and benthic life stages of scyphozoan jellyfish were done in the site of the present study, Niantic River, Connecticut (Brewer 1991; Brewer and Feingold 1991) . These studies found that the appearance of newly settled planulae coincided in time with the appearance of gravid females. In this study we extend this work to include both the distribution and quantitative abundance of medusae and newly settled planulae.
The goal of the present study was to examine, in situ, some of the factors that influence the abundance and distribution of the benthic stage of the scyphozoan life cycle to understand better the factors controlling the medusan population dynamics and distribution. Our approach was to compare the abundance and distribution of the medusan stage of Cyanea sp., a resident scyphozoan, in the Niantic River to that of newly settled benthic cysts and polyps. We examined the rate of settlement and the survival of the newly settled cysts and polyps throughout the season.
Materials and Methods
Sampling for medusae took place in the Niantic River, Connecticut, U.S. (41Њ19Ј31ЉN, 72Њ11Ј37ЉW) from April 7 to July 26, 1998. During this sampling period surface water temperatures increased from 8ЊC in April to 25ЊC in July. The Niantic River is an ideal location as it has been studied extensively in the past (Marshall 1962; Brewer 1989 Brewer , 1991 Brewer and Feingold 1991; NUSCo 1998 ) and because of its hydrography. It is a confined estuary with a relatively small input of freshwater at the northernmost tips (freshwater inflow is about 3% of tidal prism, mean depth at MLW ϭ 4 m) and highly restricted exchange with the outside bay waters (Fig. 1) . There is only a small vertical salinity gradient, with the salinities at the surface varying from 21.5 to 25 psu while at the bottom the salinities varied from 23 to 27 psu. The residence time is estimated to be 25 d (Kollmeyer and McGill 1972) . As a result of the hydrography, inside the estuary there appears to be a closed population of Cyanea sp. with an apparent absence of exchange with populations of Cyanea spp. outside the estuary (Brewer 1989) .
Four tow sites were sampled for medusae (Fig.  1) . Settlement plates were deployed from docks in seven locations to measure the settlement of planulae near the tow sites and at various other places throughout the estuary. Oblique plankton tows were taken every one to two weeks between 1000 and 1200 throughout the sampling period except for Station 1 where sampling did not start until May 21 (Fig. 2) . The net (0.5 m diameter, 202 m mesh) was towed at 0.5 to 1 knot. The sample volume was measured using an Oceanics flow meter attached to the plankton net and ranged between 10 to 55 m 3 . Single tows were taken at each site from April 7 to June 6, then duplicate tows were taken at each site. Medusae were gently transferred to 20 liter buckets filled with ambient sea water and taken immediately to the laboratory for analysis. Live medusae were counted and measured within 2 h of sampling. Medusae with bell diameters less than 10 mm were categorized as ephyrae while those with bell diameters greater than 70 mm, when relaxed but suspended completely in water, were considered to be adults. Our observations of the size at which female medusae became sexually mature agreed with previous observations of the same Cyanea sp. population (Brewer 1989 (Brewer , 1991 .
In order to measure the density of settled planulae, settlement plates (10 ϫ 10 cm of roughened PVC) were deployed at 7 sites throughout the river. Special settlement rigs were made that suspended the plates at known distances from the bottom (Osman and Whitlatch 1995). Roughened PVC was used because it is known to be a good substrate for settlement of other benthic organisms (Brewer 1984) . Due to the planulae's preference to settle on the underside of objects, the plates were suspended upside down (Brewer 1978 (Brewer , 1984 Svane and Dolmer 1995) . Settlement plates were placed
